KEYWORD: B610CF steel; 16MnR steel; Welded joint; Impact toughness ABSTRACT: It was investigated for statistical analysis on impact toughness of welded joints between B610CF and 16MnR steel using shielded metal arc welding (SMAW) and mixed gas arc welding (MGAW) method. Low temperature(-20˚C) impact toughness experiments and normal temperature(20˚C) impact toughness experiments after 5% strain age were carried out on weld metal (WM) and heat affected zone (HAZ) of the welded joints. F testing, t and t' testing statistical methods were used to analyze the difference of welded joint impact toughness between the two welding methods. The statistical analysis shows that the disperstiveness of impact toughness (-20˚C) in WM using SMAW is significantly smaller than the one using MGAW, but the mean value has no significant difference. And there are no significantly statistical difference for the disperstiveness and mean value of -20˚C impact toughness in HAZ, and normal temperature impact toughness after 5% strain age in WM and HAZ between the two welding methods.
Introduction
B610CF steel is a low carbon bainitic steel with high strength and good toughness at low temperatures [1] , and low weld cracking; 16MnR steel is also used in water conservancy and hydropower project more than a broad one kinds of low alloy high strength steel. In the pipeline water pressure in water conservancy and Hydropower Engineering, the upstream pressure smaller parts made of 16MnR steel strength small,B610CF steel in the downstream pressure with high level of strength, welding between dissimilar steel joints of different intensity levels before the two kinds of steels. SMAW and GMAW welding structures are often used in construction, for both welding methods on the study of the performance of welded joints, mainly based on the experimental data to visually determine the impact of welding on joint performance [2] ,but not from a statistical point of research on effects of welding methods on the properties of welded joint.
In this paper, using shielded metal arc welding (referred to as SMAW) and mixed gas arc welding (referred to as SMAW MGAW ) two welding methods in different welding conditions on B610CF and 16MnR welding joint of dissimilar steel plate butt welding, after low temperature impact toughness test and after 5% after strain aging impact and low temperature(-20˚C) impact toughness experiments and normal temperature(20˚C) impact toughness experiments after 5% strain age were carried out on weld meta (WM) and heat affected zone (HAZ) of the welded joints. F testing, t and t' testing statistical methods were used to analyze the difference of welded joint impact toughness between the two welding methods.
Test Materials and Welding

Test Materials
Test base metal B610CF and 16MnR plate (thickness δ = 36 mm), when using manual welding, the welding materials for CHE507 electrode; With gas shielded arc welding, welding material for CHW-50C6 welding wire, protective gas is80%Ar+20%CO2.To retest the base metal and chemical composition and mechanical properties of welding materials retest, results are shown in Table 1 and table 2. , base metal microstructure shown in Figure 1 , figure 1 in base material of metallographic structure of 5th International Conference on Advanced Design and Manufacturing Engineering (ICADME 2015) B610CF steel in ferrite grain growth in a typical lath bainite black needle flake shape, and dispersed fine carbides; 16MnR matrix as banded iron has obvious characteristics of ferrite and pearlite. 
Welding parameters
When using manual arc welding, plate-shaped groove in the form of a butt joint is an asymmetric Xtype, when using gas shielded arc welding, the groove in the form of a plate butt joints symmetrical X type. CHE507 welding wire before baking to 380 to 400 degrees and holding 1 hour. Both welding methods use multi-pass welding, carbon arc gouging, grinding wheel; preheat 80 ~ 120 ˚C, the temperature control interlayer between preheating temperature and 200 ˚C; eliminate hydrogen heat treatment after welding temperature is 150 ~ 200 ˚C, heat 1 hour. The two kinds of welding methods were selected third gear changes welding heat input welding, weld heat input is mainly by changing the welding speed, welding position, swinging ways ,the welding parameters are shown in Table 3 . 
The impact toughness test of welded joints
Each welding specifications of welded plates after welding, respectively in the weld center and heat affected zone of the multiple impact toughness of samples, 20 degrees low temperature impact toughness test and after 5% strain age at room temperature of 20 degrees impact toughness test, the sample for the Charpy V-type, the test results shown in Table 4 . 5% strain aging impact performance test, the sample is first carried out in a 5% after tensile deformation is heated to 250 degrees and holds for 1 hour, then cooled to room temperature, room temperature 20 ˚C impact toughness test. 
Comparative Study Impact toughness
The actual welding process, due to the limitation of welded structures construction positions may need to be welded in various welding positions, generally vertical position welding heat input is large, horizontal welding position of the welding heat input is small, the actual welding structure of the various heat input may exist. Therefore, Table 4 SMAW and MGAW welding specifications in a variety of weld metal and heat affected zone toughness, respectively, as a sample, using the F testing and t testing from a statistical point of view of both welding methods impact toughness of welded joints weld zone and heat affected zone. For B610CF and 16MnR dissimilar weld joints in both welding methods weld zone and heat affected zone toughness normal distribution fit test studies, impact toughness values are normally distributed. By F testing [3] The standard deviation impact toughness and weld the two manual welding and gas welding method under inspection to determine whether the standard deviation between the two have significant differences; and the use of t and t 'testing for the average impact toughness and weld the two manual welding gas welding method under inspection, to determine whether there is a significant difference between the mean.
Principle of the Test
Using the F testing for the impact of both welding methods toughness comparative analysis of variance [3] , assuming that: 
Type (4) in two kinds of welding methods under the impact toughness of welding joint of the sample mean value. According to equation (4) statistical calculation of the two sample t testing value, check the distribution table,you can get the critical value of confidence level , the statistical values were compared with the critical value, if | | is less than the critical value, it is accepted that two overall, between the impact toughness of the mean no significant difference. If greater than the critical value , refused to , that means the impact toughness between two overall have significant difference, and greater than ; if less than -, is rejected , that the mean impact toughness between two overall have significant difference, and less than .
If there are significant differences in variance, t testing [4] is used approximation namely t 'testing for two population means test, the test statistic according to formula (5) is calculated, the critical value according to formula (6) calculation, test with the t testing. 
The mean and standard toughness value difference calculated according to the following Table 4 , two welding the weld zone and heat affected zone impact at -20 ˚C low temperature, as shown in Table 5 , in which the gas weld toughness number of samples are 8 , and the remaining number of samples are 9. Test statistic and critical values are shown in Table 5 , where the significance level is. Table 5 welds variance have significant differences, using t 'testing to test the mean, the rest were performed using the t testing mean testing. According to table 4 computes the mean and standard of two kinds of welding methods of weld zone and heat affected zone after 5% strain age impact toughness at 20 degrees, see Table 6 (the number of samples are 9). F testing and t testing results are shown in Table 6 . As shown in Table 5 , F testing values of two ways low temperature impact toughness of the weld zone is greater than the critical value, and the variance of large gas shielded arc welding, gas welding seam to explain the low temperature impact toughness dispersion was significantly greater than the manual welding; However, when the test statistic is less than the critical value means tests, indicating that both methods weld zone impact toughness mean significant differences. Regardless 16MnR side or B610CF side of F testing value and t testing value of the heat affected zone of low temperature impact toughness are less than the critical value, indicating that both sides welding heat affected zone -20 ˚C low temperature impact toughness dispersion and size are not significant differences.
Be seen from Table 6 , F testing value and t testing values are less than the critical value, indicating whether the variance and the mean weld zone or heat affected zone on both sides after the strain aging room temperature impact toughness are no significant differences between both methods , that is, after a 5% strain aging were no significant differences in room temperature impact toughness dispersion and size.
Summary
(1) B610CF and 16MnR dissimilar steels when using SMAW welding -20 ˚C impact toughness dispersion less than a mixed gas shielded arc welding, but no significant difference in the mean. (2) No significant effect of these two methods of welding heat affected zone on both sides of -20 ˚C impact toughness dispersion and mean, and the weld metal, B610CF and 16MnR heat affected zone on both sides after impact 5% strain at room temperature after aging toughness dispersion and mean no significant impact.
